Transmission of viruses from one species to another is not unusual in nature. Focusing on humans, many people all over the world are in close proximity to animals due to local customs or due to their way of life. One can suppose that single transmission events of animal viruses to humans (viral exposure in human bodies/cells by direct contact) are happening daily, on the order of millions of times. The vast majority of those events are not successful in causing infection. It takes 100s or 1000s of years for a virus to "gain" the right combination of mutations in order to insert in human cells and survive further through spreading in multiple individuals (Longdon et al. [@CR6]). Alternatively, it is just a matter of poor lack, the right virus at the right time to transit to a new host. Newly emerged viruses need an appropriate host cell receptor, ability to proliferate in the cytoplasm, and a way to escape host immunity (Llorente García and Marsh [@CR5]). Thinking evolutionarily, natural selection favors: viruses that successfully infect host's cells, viruses that are minimally lethal, viruses that are highly contagious (Plauzolles et al. [@CR10]). Maybe the most known examples of such cases in humans are the viruses causing the seasonal common colds (Greenberg [@CR3]). On the other hand, emergence of successful viruses is a rare event. Rare but it happens, since millions of mutations and infections (or transmissions) are happening every day. Pandemic phenomena could be the first presentation of trans-species infections. Through pandemic events, viruses can increase their fitness and become minimally harmful (see below for explanation). SARS-CoV-2 (Huang et al. [@CR4]) may be an example of an evolutionary successful transition. Perhaps, we are all now witnesses of the first manifestations of this virus--host coevolution.

Let's now see what types of animal-to-human viral transmissions are possible. This is my personal view, under the concept of fitness and evolution. I recognize eight main possibilities, all are represented in Fig. [1](#Fig1){ref-type="fig"}: (1A) most animal--human contacts (millions or billions per day) do not result in any viral transmission. The most common reason is the absence of an appropriate receptor in human cells; thus, the virus will be destroyed by the human immune system; (1B) some animal viruses can occasionally infect humans, but symptoms are mild or none. Human-to-human transmission probability is limited or zero. Due to the characteristics of these infections, most of them are unknown to scientists; (1C) some animal viruses can occasionally infect humans, but symptoms are severe, even lethal. Human-to-human transmission probability is limited or zero (e.g., Rabies virus) (Brunker et al. [@CR1]); (1D) these viral transitions are characterized by mild infections and low probability for human-to-human transmission (e.g., cowpox virus) (Pastoret et al. [@CR8]); (1E) this type is similar with 1D, but the difference is that a percentage of the infections are lethal. The fatality percentage varies, depending on the viral species or strain (eg. MERS virus) (Zumla et al. [@CR14]); (1F) this type is characterized by high probability for human-to-human transmission and mild infections (e.g., corona viruses causing common colds in humans, see below); (1G) this type is characterized by high probability for human-to-human transmission and high fatality rate (e.g., Ebola virus) (Malvy et al. [@CR7]); and (1H) this type is characterized by high probability for human-to-human transmission and low fatality rate (e.g., SARS-CoV-2).Fig. 1Animal to human viral transition types. See details in text

According to this classification, we could categorize SARS-CoV-2 as type 1H. In fact, we can consider that 1F and 1H are the most evolutionary successful viruses. SARS-CoV-2 is extremely contagious but fatality rate is low, around 3% (World Health Organization, March 3, 2020). If humans fail to eliminate this virus through vaccinations, then its fitness could be increased through years, its fatality rate will probably be reduced further, and we will finally have a type 1F virus. This could happen since many people that are genetically predisposed for severe infections will die and the genetic pool of human populations will be modified accordingly. This is the usual way that viruses increase their fitness (Fumagalli et al. [@CR2]).

Successful animal-to-human transitions are rare events. Focusing on corona viruses, there are four known corona viruses that cause mild infections in humans (originated through animal-to-human transition events): HCoV-229E, HCoV-OC43, HCoV-HKU1, and HCoV-NL63 (Ye et al. [@CR13]; Vijaykrishna et al. [@CR12]). These four viruses are not older than 150 years (Ye et al. [@CR13]; Vijaykrishna et al. [@CR12]). SARS-CoV-2 may become the fifth one, if finally, it will be established in the human populations. Corona viruses seem to transit relatively easily from animals to humans, but they also disappear easily through evolutionary time. We can assume that from the fact that modern humans have been evolved the last 120--150 thousand years (Poznik et al. [@CR11]). It is not clear why evolutionary successful viruses disappear from host populations. Two possible explanations are genetic decay of viruses' genomes though mutation accumulation or some large-scale extinctions of host populations. We presently know only five corona viruses (including SARS-CoV-2) that have been successfully spread in human populations for the last 150 years. Obviously, coronaviruses like MERS (Zumla et al. [@CR14]) and SARS-CoV-1 (Peiris et al. [@CR9]) did not ever reach a fitness threshold in order to be established in human populations. Of course, human population and population density are increasing in Earth, so probabilities for successful transitions/transmissions are increasing even more.

The outbreak of SARS-CoV-2 reminded scientists of the need to learn more about the evolution of zoonotic diseases. The current pandemic can be a great opportunity to watch in real time the ongoing evolution of a probably evolutionarily successful animal-to-human viral transition. This is a valuable experience and a great source of knowledge for evolutionary biologists.
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